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Abstract
We discuss the variation of gauge couplings in time in the framework of orbifold
constructions, due to a change of the extra compact dimension’s size. Models with
gauge coupling unification allow to estimate the variation of the strong coupling
constant α3 and to relate it to a variation of αem. The extra-dimensional construc-
tion turns out to be crucial for the model to be compatible with data. Within the
presented 5D scenarios, the tower of KK states significantly affects gauge coupling






The recent measurements [?] of quasar absorption lines hint to a variation of the fine
structure constant (at redshift range 0.5 < z < 3.5) with
The issue of the variation of the fine structure constant got a new insight within GUTs
[?]-[?]. Since above the unification scale the gauge sector is described by one unified gauge
coupling, the variation of α also directly determines the time dependence of the QCD
coupling α3. This would affect standard big bang nucleosynthesis and high-redshift quasar
absorption lines much more than only a variation of the fine structure constant. In the
realistic versions of GUT the α3 variation contradicts [?] the available data and only some
specific extension may save the situation. This issue can be considered as a new selection
rule in building realistic GUTs, even without having a dynamical mechanism for the
variation of couplings. Of course, it is also desirable to have a theoretical understanding
of this variation. Within superstring and/or higher dimensional constructions the four
dimensional couplings often depend on VEVs of some scalar fields coming from higher
dimensions. It is then natural to have time dependent couplings, because on the 4D level
they are related to some dynamical fields [?].
In this paper we consider 5D SUSY scenarios compactified on an orbifold. Orbifold
constructions have recently gained much attention as they present a framework where
typical problems of 4D GUTs, such as the Doublet-Triplet splitting problem and strong
baryon number violation, are easily avoided [?]-[?]. The GUT symmetry breaking also can
be realized in a rather economical way. Interestingly enough, in this setting the source
of coupling variation can be the change of the size R of the compact fifth dimension.
This framework in addition to a variation of α can also give a variation of α3 (and of
other couplings which are expressed by 5D parameters and R) without gauge coupling
unification. Having a unification condition at a certain scale (interpreted as the GUT





at low energies. The value of δα3(MZ)
α3(MZ)
depends on
the intermediate thresholds contributing between the scales MZ and MG. As we will see,
with a compactification scale µ0 =
1
R
' MG, the picture does not differ from the one of
usual 4D GUTs, having similar implications. However, with µ0 MG, the KK states will
participate in renormalization. The latter turn out to play an essential role for δα3(MZ )
α3(MZ )
suppression compared to 4D GUT scenarios. The suppression becomes stronger when
many KK states appear below MG, making the scenario compatible with observations
without affecting significantly the predictions of nucleosynthesis. Let us note that a large
number of KK states, as was pointed out in [?], can be crucial also in lowering the
unification scale down to a few TeV. This was confirmed with explicit models in [?], [?],
[?]. A low unification scale makes a model testable in the next generation of high energy
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